Abstract. The structural health monitoring technology has been one of the most important issues. In this paper, the design of wireless sensor network for structural health monitoring application is studied. The basic concept, significance, state of the art of structural health monitoring, the architecture and the principle of the wireless structural health monitoring system are described. The hardware and software of the overall system are designed and built. The WLANonSAN architecture network is particularly proposed as a solution for the large-scale networks.
Introduction
Structural Health Monitoring (SHM) diagnoses the condition of structures like buildings, dams and bridges, so the potential problems can be detected at early stage by examining the output of sensors attached to or embedded in the structure, which can avoid the danger of collapse, reduce the loss of human lives and improve the safety [1] . It is a challenge to design and implement a SHM system that can fully achieve the aforementioned objectives [2, 3] .
Most traditionally existing structural health monitoring implementations are wired data network systems to collect structural health information. However, there are problems such as installation, maintenance of the network and high cost. Particularly when the monitored structures are large-scale, installing a wired SHM system is cumbersome, sometimes may take several weeks and the wires may cost more than the sensors and the controllers [4] . In recent years, the integration of the technology of sensing and wireless networks has led to the rapid development of Wireless Sensor Networks (WSNs), such as the low rate, low power, low cost IEEE 802.15.4 standard. WSNs have the advantages of easy deployment, low maintenance and flexible scalability. Structural health monitoring based on WSNs is a cost-effective monitoring method.
Design of Wireless SHM System
Principle. Methods of structural health monitoring system can be divided into passive monitoring and active monitoring. Passive monitoring determines the structural state by collecting the structural parameters of sensors, combining with the mechanical modeling analysis, signal processing, and priori knowledge. Active monitoring uses drive signal to excite actively the structure, which generates elastic wave or makes structure in a slight vibration state, and then obtains the structure information through the structural response analysis. The active monitoring principle of wireless structural health monitoring is shown as Fig.1 . The drive signal of piezoelectric ceramics sensors is the frequency signal which changes from 10Hz to 2KHz. Hardware Solution. Considering the characteristics of WSNs and structural health monitoring system for high sampling frequency, low power consumption and small size carrying, hardware uses a modular design, whose elements including power module, sensor module, signal conditioning circuit, WSN node module. WSN nodes usually use two kinds of architecture which are ATMEL Fig.1 The principle of wireless structural health monitoring circuit, WSN node module. WSN nodes usually use two kinds of architecture which are ATMEL AVR microprocessor + TinyOS and MPS430 + TinyOS [5, 6] , and the former one is adopted in this paper. The hardware of WSN nodes consist of the ATmega128L microprocessor, CC2420 RF module, SPI interface, signal conditioning circuit, and some other peripheral circuits such as CLOCK and UART interface, which is shown as Fig.2 . Fig.2 Design of system hardware Software Solution. The software for structural health monitoring applications is divided into network node and PC monitoring center, which is shown as Fig.3 . Network node platform applies nesC programming language. According to the principles of hardware abstraction architecture, the CC2420 driver components (including the HPL components, HAL components) and the relevant part Fig.4 . The network application layer calls the MAC interface provided by media access layer components, access layer component calls PHY interface provided by physical layer components, and physical layer component calls the HPLCC2420 interface provided by CC2420 drive components. For a large-scale networks, the WLANonSAN which is a two-tiered architecture network where is an IEEE 802.11 wireless local area network (WLAN) on top of an IEEE 802.15.4 structure area network (SAN) is proposed as a solution, is shown as Fig.5 . In this architecture, the sensor nodes form a wireless SAN, acting as the first tier. The SAN is a low data rate, short transmission range, energy-constrained, large-scale sensor network supported by an overlay WLAN, serving the second tier. The WLAN has more powerful network capabilities of high data rate, large transmission range and sufficient energy resources. Data is gathered by a SAN coordinator from the sensor nodes and delivered to the central control station through WLAN. The network performance benefits a lot from the upper level WLAN with more powerful communication capabilities, serving as a backbone to the SAN: real-time communications can be realized by providing bounded and reduced latencies due to higher data rate wireless links in the WLAN layer.
Communication reliability can be improved by reducing the error rate and the packet loss probability in multi-hop networks which results from decreasing the number of hops using WLAN. The lifetime of the underlying SAN can be extended, because most of traffic is dispatched by WLAN in this architecture, as a result, the sensor nodes in the SAN can save much energy. Implementation. To reduce the complexity, sensor nodes can be Reduced Function Devices (RFD) while the coordinator of SAN can be a Full Function Device (FFD). The coordinator can be equipped with two radios (one is 802.11-compatible, the other is 802.15.4-compatible, and both are readily Applied Mechanics and Materials Vol. 681available) so that they can easily interact with each other. Still, both WLAN and SAN operate in the Industrial Scientific Medical (ISM) band, but in different channel which is carefully chosen to avoid interference.
Fig.5 A two-tiered wireless sensor network

Summary
This paper studied the SHM system based on wireless network communication standard, introduced the working principle of the system, and designed the overall scheme of the hardware and software system. A two-tiered architecture network where is an IEEE 802.11 wireless local area network on top of an IEEE 802.15.4 structure area network was proposed and implemented. This gives some helpful guidance for practical projects.
